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Abstract 
IMPACTS OF FOREST MANAGEMENT AND HABITAT CHANGE ON DECLINING 
AVIAN SPECIES IN WEST VIRGINIA 
Christina Slover 
 Understanding the impacts of forest management and severe storms on avian 
communities can assist decision making for specific wildlife and timber management goals. This 
is important because even carefully managed forests will be influenced by a combination of 
anthropogenic activities and non-anthropogenic forces. I studied the effects of prescribed burning 
and severe storm events on vegetation structure and avian community diversity and structure in 
the Monongahela National Forest in central West Virginia. I observed dramatic responses from 
vegetation structure to prescribed burning but few changes in avian abundances. I measured 
further impacts, particularly understory vegetation structure, in our forest stands after the 
occurrence of two severe storms. I also was able to measure a greater response by my aerial 
insectivore species to the combination of management and storm impacts. My results suggested 
that infrequent low-intensity prescribed burning did not cause dramatic changes to avian 
abundance. However, when severe storm impacts were added to the management regime, the 
impacts to vegetation became consequential enough that high priority and aerial insectivore bird 
species were also impacted. 
 Populations of the eastern whip-poor-will (Antrostomus vociferus) are declining due to a 
range of potential factors including habitat loss, pesticide use and predation. However, because 
this species is nocturnal, it is poorly studied and neither its ecology nor its demographic status 
are well measured by traditional bird surveys like the Christmas Bird Count, Breeding Bird 
Surveys, and point count surveys. Therefore, I studied habitat associations and distribution of 
eastern whip-poor-wills, to better understand and contextualize their population status and to 
provide a framework for future research and management. Transect data were analyzed with 
occupancy models to associate presence of whip-poor-wills with habitat characteristics. I 
observed habitat associations of and annual differences in both presence and density of whip-
poor-wills. Whip-poor-wills most frequently occupied areas lower in elevation and mixed forest, 
herbaceous, as well as wetland cover types. In contrast, high elevation evergreen forest 
communities had substantially fewer whip-poor-wills. My results suggest that recent recovery of 
agricultural fields and clearings to forested habitat may be contributing factors to whip-poor-will 
declines. 
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Chapter 1 
INTERACTING EFFECTS OF PRESCRIBED BURNING AND SEVERE 
STORMS ON VEGETATION AND BIRDS OF CONSERVATION 
CONCERN IN WEST VIRGINIA  
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ABSTRACT 
Understanding the impacts of forest management and climate change on avian 
communities can assist decision making for specific wildlife and timber management goals. This 
is important because even carefully managed forests will be influenced by a combination of 
anthropogenic activities and non-anthropogenic forces. We studied the effects of prescribed 
burning and severe storm events on vegetation structure and avian community diversity and 
structure in the Monongahela National Forest in central West Virginia. We observed dramatic 
responses of vegetation structure to prescribed burning but few changes in avian abundances. We 
measured further impacts, particularly understory vegetation structure, in our forest stands after 
the occurrence of two severe storms. We also were able to measure a greater response by aerial 
insectivore species to the combination of management and storm impacts. Our results suggested 
that infrequent low-intensity prescribed burning did not change avian abundance. However, 
when severe storms impacts were combined with the management impacts the effect on 
vegetation became consequential enough that high priority and aerial insectivore bird species 
were also affected. 
 
Keywords: Migratory birds, Prescribed burning, Severe storms 
 
 
 
 
 
 
 
 3 
 
1. Introduction 
 Prescribed burning is increasingly used for management of early successional habitats 
(Yeiser et al., 2015, Ward, 2015). However, in northeastern North America the consequences of 
burning on avian communities are poorly understood. This lack of knowledge is of concern 
because bird communities are often used as indicators of biodiversity and overall health of 
ecosystems (Hart et al., 2012). In addition, in an era of increasing climate variability (Marcott et 
al., 2013) it is critical to understand how fire interacts with climate events to shape ecosystem 
health. 
 When fire moves through a landscape, its impacts can range from minor to severe. This 
variety comes as a result of changes in a fire’s intensity over the landscape (Kozlowski and 
Ahlgren, 1974). Low-intensity fires can have subtle impacts on vegetation structure while high 
intensity fires have an immediate and larger impact on vegetation structure (Greenberg et al., 
2013). The level of impact of fire is important because presence and abundance of many forest 
vertebrates is influenced by variation in vegetation structure; this is especially true for birds 
(MacArthur and MacArthur, 1961). Thus, when a fire changes vegetation structure, it is 
reasonable to expect a response in avian community structure.  
 The role of fire in shaping avian communities is especially important in light of the 
known interactions among climate change, habitat change and bird communities (Jarzyna et al., 
2015). Climate change can impact birds directly, through alteration of weather (e.g., Crick, 2007, 
Rehfisch et al., 2004) or indirectly through modification to global meteorological processes, such 
as by altering the frequency of severe storms (Holland, 2007; Simmonds and Keay, 2009; Tang 
et al., 2013). Severe storms cause widespread change to landscapes – blowing down trees, 
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changing succession dynamics, and impacting nutrient flows (Dale et al., 2001) – all of which 
can have consequences for the vegetation structure that birds encounter.   
 The objective of this study was to understand the interacting effects of fire and severe 
storms on avian community structure in central Appalachian forests. This is relevant because 
many populations of migratory birds presently are facing long-term declines across North 
America (Ballard et al., 2003, Sauer et al., 2014). The causes of these declines are linked to 
habitat loss and alteration, predation, pollutants, collisions with human-made structures and 
climate change (Longcore et al., 2012). We focused our analyses on a subset of “priority land 
birds” identified by the Appalachian Mountains Joint Venture (AMJV, 2014), those on the 
Regional Forest Service Sensitive Species list (RFSS; United States Department of Agriculture 
[USDA], 2015) and aerial insectivores, a group of high conservation concern (Nebel et al., 2010, 
Hunt, 2013) whose food should be positively impacted by prescribed burning (Hutto, 1995, 
Greenberg et al., 2007).  
We conducted bird surveys in the Monongahela National Forest (MNF) of West Virginia. 
The MNF is well suited to study of interacting effects of fire and severe storms because (a) it has 
a prescribed burn plan in which fires are documented (Thomas-Van Gundy et al., 2007; Knapp, 
2010); and (b) over the course of our study, this region was hit by two severe storm events in a 
short time span. The first of these storms, a derecho or straight line windstorm, blew through the 
state on 29 June 2012 (NOAA, 2012), knocking down trees and creating numerous canopy gaps. 
Subsequently, Hurricane Sandy (late October 2012) deposited up to 1 m of heavy wet snow 
throughout West Virginia, causing extensive changes in forest structure (Murphy, 2013). To 
understand how interacting fire and severe climate events impacted bird species, we asked (a) 
what were the independent impacts of prescribed burns on vegetation and on bird distribution 
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and density; and (b) how did effects of severe storms interact with those of fire to drive changes 
in vegetation and avian presence and abundance.  
2. Methods 
2.1. Study Area 
 The MNF stretches across 313, 631 ha within the Central Allegheny Mountain province 
of the Appalachian Plateau in West Virginia (Fig. 1; Ferguson, 1964). The MNF occurs in the 
Central Hardwood region of the northeast, the most extensive concentration of deciduous 
hardwoods in the world (Hicks, 1998). Tree communities within the MNF are stratified with 
elevation. Oaks are present at the lowest elevations and at successively higher elevations, mixed 
mesophytic, northern hardwoods, and red spruce (Picea rubens; Thomas-Van Gundy et al., 
2007). In total the MNF contains approximately 75 tree species and 225 bird species (United 
States Department of Agriculture, 2013). Elevation within the MNF ranges from 305–1,482 m 
above sea level (ASL) and precipitation is variable such that the western side receives about 152 
cm of rain per year while the eastern side receives about 76 cm/year (United States Department 
of Agriculture, 2013).  The growing season in the MNF is 140–160 days and average annual 
temperatures are 4–14°C (McNab, 1996).  
 Many of our sampling sites were located in the northern part of the MNF, within the 
well-studied Fernow Experimental Forest (hereafter, “the Fernow”) in Tucker County, West 
Virginia, about 4.8 km southeast of the town of Parsons (39°3′15″ N, 79°41′15″ W; Fig. 1). The 
Fernow is topographically rough, with elevation ranges from 530–1,112 meters ASL. Mean 
annual temperature is 8.9 °C and precipitation averages around 1,470 mm per year (Adams et al., 
2004). Soils are ~1m deep and are generally hard sandstone and shale in the Calvin and Dekalb 
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series, except in the southeastern portion of the forest, where soil is Greenbrier Limestone in the 
Belmont series (Adams et al., 2004). Vegetation is characterized as mixed mesophytic (Braun, 
1950), and the growing season stretches from May through October (Pan et al., 1997). The most 
common tree species in the Fernow include northern red oak (Quercus rubra), chestnut oak (Q. 
prinus), yellow-poplar (Liriodendron tulipifera), striped maple (Acer pennsylvanicum), black 
cherry (Prunus serotina), sugar maple (A. saccharum), black birch (Betula lenta), red maple (A. 
rubrum), and American beech (Fagus grandifolia) (Adams et al., 2004). 
2.2. Sampling Strategy 
2.2.1 Sampling design 
To investigate the response of vegetation and bird communities to prescribed burning, we 
sampled vegetation and birds within burned, burned and managed, and unburned forest stands of 
>10 ha in size (Appendix A). To control for time since burning, all stands we classified as 
burned or burned and managed were sampled 3–6 years after burning (Appendix A). Managed 
stands had either herbicide or logging treatments. Unburned forests were classified as either mid-
age (~40–50 years old) or mature (~80–100 years old), based on time since treatment (burning, 
logging, etc.; Appendix A). The different ages of burned and unburned forests complicate 
interpretation of burning’s effects on forest birds (in an ideal world, all stands would be of the 
same age, although this is difficult since forest age is often equal to time since burning); we 
discuss these issues when we interpret our results.  
We randomly selected 6 burned, 3 burned and managed, and 6 unburned stands from a 
USFS database of all suitable stands (n =26 burned stands, n= 2968 unburned stands). Stands 
were scattered throughout the MNF (Fig 1), with about half of them within the Fernow.  
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 Within each of the 15 stands, we surveyed at 1–5 points for vegetation and avian species 
(n = 46 points total in year 1, 50 points in year 2; n = 18 (in 2012) and 22 (in 2013) in burned 
stands, 6 points in burned + managed stands, and 22 points in unburned stands). The first severe 
storm (the derecho) occurred at the end of the 2012 field season. Blowdown was so great from 
that storm that roads were blocked and we were unable to complete vegetation field sampling at 
four points in burned stands. Points were located ≥250 m apart from each other and, to eliminate 
edge effects in avian data, were located >100 m from the edge of the stand (Ralph et al., 1995; 
Baker and Lacki, 1997; Costello et al., 2000; Klaus et al., 2010).  At each point we used a GIS 
(ESRI 2012) to remotely characterize the management type, region, forest type, slope position, 
slope, aspect, soil type, and elevation. Classification was based on the following base maps: 2012 
WV Ecological Land Units, STATSGO soils data and a USGS 2003 3-meter Digital Elevation 
Model (all from the West Virginia State GIS Data Clearinghouse, 2014). 
2.2.2 Vegetation sampling 
 We measured vegetation in June and July of each year at 0.04ha circular plots centered 
on each sample point (James and Shugart, 1970).  On each plot, we measured vegetation at the 
ground, mid- (shrub and understory) and canopy levels. At ground level, we measured percent 
ground cover (to the nearest 5%) using a Daubenmire square (Daubenmire, 1959) and we 
measured leaf litter depth with a ruler. At the mid-level, we measured living understory height 
(to 5m) to the nearest 0.5m by recording contacts along a vegetation pole (Robel et al., 1970) 
and, to thoroughly understand avian response to low vegetation structure, we measured percent 
cover (to the nearest 5%) separately of small (<0.5m), medium (0.5 – 1.5m) and tall (1.5 – 2.5m) 
shrubs. We estimated overstory canopy cover (to the nearest 5%) using a densiometer (Carpenter 
et al., 2011). Estimates of percent ground cover, leaf litter depth, understory height and percent 
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canopy cover were generated by averaging measurements taken at the center of the plot and at 4 
points defined by the cardinal directions and located at the edge of the plot. Shrub cover was 
estimated at the center of the circular plot. To improve accuracy of visual estimates, each were 
made separately by two observers and then compared (van Hees et al., 2000)  
Within each plot, we counted the numbers of each tree and shrub species present and we 
used a 10 factor wedge prism to measure stem density of seedlings, saplings, and trees. When a 
stem was counted as “in” by the prism (van Laar and Akça, 2007), we measured diameter at 
breast height (dbh) and organized stems into three size classes: seedlings (≅7.6cm dbh), saplings 
(>7.6–22.9 cm dbh) or trees (>22.9 cm dbh; Peet et al., 1998, McDermott et al., 2011).  
 
2.2.3 Avian sampling 
 We used 10-minute point counts to survey the bird community at each sample point 
annually (Ralph et al., 1995). Point counts were conducted between local sunrise and 10AM 
between 13 May and 25 July 2012 and 14 May and 25 June 2013. Severe storms did not affect 
our ability to conduct avian point counts. We recorded all avian species within 50m of the point 
detected by sight or sound (Ralph et al., 1995). In 2012, all data were collected by a single 
observer. In 2013, surveys were completed by the same observer with assistance from a second 
observer. Surveys were conducted 2–3 times at each point. We rotated points among the two 
observers to account for among-observer variability in detection and we rotated starting times to 
account for variation in initiation of singing by different species (Farnsworth et al., 2002, 
Farnsworth et al., 2005).  
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2.3. Data Analysis  
West Virginia had two severe storm events between year 1 and year 2 of our study that 
caused extensive changes to vegetation cover throughout the MNF and the Fernow. Because 
these storms occurred after the first field season’s data were collected and before the second field 
season, we were able to evaluate the effects of fire on vegetation and birds (within-year 1 
comparison; objective 1) and separately look at the effects of severe storms interacting with fire 
on vegetation and birds (year 1 vs year 2; objective 2). All statistical analyses were conducted 
within the software JMP® (SAS Institute Inc., 2012) 
 To understand how vegetation responded to fire and storms, we first asked if we could 
detect differences in physiographical characteristics (e.g., elevation, which does not change from 
year to year) among our 15 burned, burned and managed, and unburned forest stands. To test for 
these differences, we used an ANOVA with management type as a predictor and elevation as a 
response variable. We log-transformed elevation data to better fit a normal distribution and 
investigated significant differences (α < 0.05) among management types using post-hoc boxplots.  
Once we understood the physiographical context of our stands, we then evaluated within- 
and across-year differences in the vegetative characteristics we averaged across stands. For this 
analysis we used a series of generalized linear mixed models in which management type (burned, 
burned and managed, and unburned) was a predictor variable and percent tree canopy cover, 
percent shrub canopy cover, percent ground cover, understory height, leaf litter depth, and tree 
size class were response variables (one in each model). We log-transformed data that were not 
normally distributed and, to look for responses to storms, we used year as a repeated effect in the 
model. Because we were specifically interested in interactions between management type and 
storms, we included a year*treatment predictor in the model. When response variables showed 
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differences (α < 0.05) between management types or when interaction terms were significant, we 
then investigated those differences through multiple contrasts (“Generalized Linear Model 
Contrast” in JMP) which produced chi-square statistics.  
Prescribed burning is not a commonly used management method within all portions of 
the MNF. Because of this our sample locations tended to be clustered in either the northern or 
southern portion of the forest. To understand whether patterns we observed were driven by 
underlying spatial patterns (i.e. northern data more related to northern data and southern data 
more related to southern data) in the organization of our sample points, we tested for spatial 
patterns with a Mantel test (Mantel, 1967). 
Finally, to understand the impacts of burning and storms on birds, we evaluated within- 
and across-year differences in the avian point count data collected at each of the sample points 
annually. We focused analyses on species of high conservation concern and aerial insectivores 
(species listed in Appendix B). We built generalized linear mixed models with a Poisson 
distribution using data for each forest stand in which management type, year and a 
management*year interaction were predictor variables and in which species abundance was the 
response variable. We measured abundance within a stand as the average maximum number of 
individuals of each species recorded at each point within a particular stand during any one field 
season (Duguay et al., 2001). If species abundances showed differences (α< 0.05) in response to 
predictor variables, we used multiple contrasts, as above, to better evaluate those differences. 
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3.  Results 
3.1 Physiographic, forest and avian data measured 
Because prescribed burning occurs more frequently in the southern portion of the MNF, 
management of the stands we sampled was not uniform throughout the region. All of our 
unburned (n = 6) and all of the burned and managed (n = 3) stands were located in the northern 
half of the MNF, while all 6 of our burned stands were located in the southern half of the MNF. 
The unburned stands we sampled were mid-age and mature forest composed of a mixed 
mesophytic cove type at an average 793m elevation. The burned and managed stands were 
younger stands composed of 50% northern hardwood and 50% mixed mesophytic cove forest 
type at 717m elevation. The burned stands also were younger age classes and made up of a 
variety of forest types, ~25% pine oak, 10% mixed mesophytic cove, 40% oak, and 25% mixed 
mesophytic cove and oak at 902m ASL. All stands had roughly similar aspects (mode of burned 
= 230⁰, mode of burned & managed = 245⁰, mode of unburned = 188⁰) but elevation was 
different among the three management types (F = 23.4, p < 0.001). 
During surveys we counted a total of 68 different avian species (Appendix B). Eight of 
those species are considered high priority species by the Appalachian Mountain Joint Venture, 1 
as sensitive on RFSS lists, and 6 were considered aerial insectivores. We focused subsequent 
analyses on the 13 species on these lists (several appear on multiple lists; Table 2). We detected 
no spatial patterns in our avian abundance data (2012 r=0.11 p=0.14; 2013 r=0.06 p=0.24) 
 
3.2. Forest response to management and severe storms 
 Vegetative responses to prescribed burning were largely as one might expect from a 
severe disturbance such as fire (Table 1). The number of saplings per plot and small shrub cover 
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were both greatest in burned plots and least in unburned plots. In contrast, the number of trees, 
the canopy and tall shrub cover, and the understory height were all greatest in unburned plots. 
Litter depth was greatest in burned and managed plots.  
 We also measured responses to severe storm events (a year effect; Table 1, Fig. 2 a- e). 
The number of seedlings (stems <7.6cm dbh) was greater in 2012, the year before the storms, 
than after the storms in 2013 (1.96 ± 0.33 [±SE] vs. 1.00 ± 0.16); the same was true for percent 
canopy cover (0.77 ± 0.03 vs. 0.61 ± 0.03). In contrast, litter depth (1.63 ± 0.13 vs 3.38 ±0.19), 
small shrub cover (0.30 ± 0.03 vs 0.50 ± 0.04) and medium shrub cover (0.29 ± 0.03 vs 0.42 ± 
0.04) were all greater after the storm than before the storm (2013 > 2012).  
 Of the variables we measured, only understory height showed a year*treatment 
interaction effect indicating a response to storms that varied among the different management 
types (Table 1, Fig 2f).  Between 2012 and 2013, understory height decreased in burned and 
burned and managed stands (chi-square = 5.0, p = 0.03 and 4.1, p = 0.04, respectively) and 
increased in unburned stands (chi-square = 10.2, p = 0.001).  
 
3.3 Avian response to management and severe storms 
 Five of our 13 focal bird species showed a response to management type (Table 2, Fig 3). 
Of these five, two (black-billed cuckoo and Louisiana waterthrush) were most abundant in 
burned and managed stands; the cuckoo was not detected in any other management type. Blue 
headed vireos were most common in unburned stands. Least flycatchers were never counted in 
unburned stands. Finally, Acadian flycatchers were least common in burned stands. Three of the 
species that did respond to prescribed burning were aerial insectivores. The species that did not 
respond to prescribed burning included three aerial insectivores (eastern bluebird, eastern wood-
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pewee, great-crested flycatcher) and several warblers of high priority conservation concern, 
including the cerulean warbler.  
 Three of our 13 focal bird species, two of them aerial insectivores, showed a response to 
the severe storms that hit the MNF between the years of our study (a year effect; Table 2, Fig 3). 
Acadian flycatchers and Lousiana waterthrush both were more prevalent before the storms than 
after them (0.70 ± 0.12 (±SE) vs. 0.36 ± 0.11; 0.26 ± 0.06 vs. 0.08 ± 0.04, respectively). In 
contrast, eastern wood-pewee showed the opposite pattern, they were more prevalent after the 
storms than they were before them (1.34 ± 0.14 vs. 0.60 ± 0.11).  
 Three of our 13 focal species, two of them aerial insectivores, showed a different 
response to storms in the differently managed forest stands (i.e., showed a year*treatment 
interaction; Table 2, Fig 3). Blue-headed vireo increased in abundance after storms in unburned 
stands (chi-square stat = 16.6, p < 0.01; Fig 3C). Least flycatcher increased in abundance after 
storms, but only in burned and managed stands (p = 0.02; Fig 3E). Finally, Louisiana 
waterthrush dramatically decreased after the storms in burned and burned and managed stands 
(burned: chi-square = 6.9, p < 0.01; burned & managed: chi-square = 6.9 p < 0.01) but showed 
no significant change in unburned stands (Fig 3F). None of the other sensitive species or aerial 
insectivores showed any response to interacting effects of severe storms and management type.    
 
4.  Discussion 
Wildlife habitat is being increasingly influenced by changes in processes associated with 
global climate change. Understanding how these changes interact with human-driven habitat 
management is a key problem in natural systems worldwide. Because our research was 
conducted before and after two severe storm events that occurred within months of each other, 
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we were able to evaluate not only the effects of fire on avian communities, but also the 
interacting effects of prescribed burning with these exceptional weather events.  
 
4.1. Impacts of Prescribed Burning on Vegetation and Avian Distribution and Density 
 Prescribed burning is used for management of early successional habitat, fuel reduction, 
oak regeneration, site preparation, and promotes stand reinitiation. The process is seen as a way 
to increase forage, maintain habitat, and to increase soil nutrient levels (especially phosphorous; 
Franklin et al.,2003, Rietl and Jackson, 2012). Stands that were burned had fewer larger trees and 
less canopy cover; presumably this meant that in these stands, more sunlight reached the forest 
floor. As a consequence, these stands also had more and taller understory saplings and greater 
small shrub cover.  
  Because we saw such dramatic responses by vegetation to prescribed burning, we 
anticipated also detecting differences in abundance of the high priority and aerial insectivore 
species we surveyed. We particularly expected that the opened canopy and increased perch 
availability in burned stands would make them more favorable to aerial insectivores. Although 
we did measure some change in abundance within these groups, these changes were confusingly 
small, difficult to interpret, and not strongly correlated to presence or absence of burning. In fact, 
only five of 13 species appeared to show a statistically significant response to management type, 
such that in unburned stands, two aerial insectivore species (Acadian flycatcher and blue-headed 
vireo) clearly occurred in higher abundance and one aerial insectivore species (least flycatcher) 
clearly in lower abundance. Two species (the cuckoo and the waterthrush) were at highest 
numbers in the two burned and managed stands. The remaining 8 species showed no response to 
prescribed burning. It appears that habitat preferences overwhelmed any response based on 
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foraging guild since Acadian flycatchers and blue-headed vireos are considered closed-canopy 
obligates while least flycatchers prefer open-canopies (Whitehead and Taylor, 2002, Tarof and 
Briskie, 2008, Morton and James, 2014). 
Although the abundance of our focal species was not clearly tied to the factors driving 
vegetation variability, several features of our vegetation analysis do help to interpret our within-
year avian point-count data. First, all of the burned sites we evaluated were treated with 
infrequent, low-intensity burns and had the opportunity to recover, post-fire, for 3–6 years. Thus, 
although they are all undergoing active management, our research evaluates medium-term post-
fire consequences of light burning, rather than the immediate ramifications for vegetation and 
wildlife from potentially hotter fires. Thus, we would not expect to see, nor did we see, a 
disturbance-mediated response by a post-fire colonist species the eastern bluebird; this pattern is 
consistent with other studies of low-intensity fires (Greenburg et al., 2007). Second, burned 
stands we studied were located on average at ~100m higher elevation than unburned stands. 
Elevation can have a profound effect on patterns of avian species abundance (Siegel et al., 2012) 
and two high priority species - cerulean warbler and Louisiana waterthrush – are not typically 
found at higher elevations (Mattsson et al., 2009, Buehler et al., 2013).  Third, it is possible that 
underlying spatial patterns influenced the patterns in avian abundance we measured. In 
particular, our northern survey stands were located in areas that are not fire adapted and burn 
poorly but our southern stands were more fire adapted and experienced historical 0–35 year fire 
disturbance regimes (Thomas-Van Gundy et al., 2007). Although we detected no spatial patterns 
in our data, it is possible that birds in fire adapted habitats may be concurrently more resistant to 
fire-driven change than those in non-adapted habitats. Some of the management effects we 
observed could have been influenced by this underlying pattern.  
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Finally, of all the focal species we monitored, only the yellow-bellied sap-sucker and the 
eastern wood-pewee were associated with our younger stands. Likewise, several species of high 
concern that are associated with gappy forests with medium levels of high canopy cover and 
mature forest (e.g., cerulean warbler; Buehler et al., 2013) and moderate subcanopy with an open 
forest floor (e.g. wood thrush; Evans et al., 2011) showed no response to treatment type. If the 
trends in our data were driven by forest age, we would have expected them to show stronger 
response to forest management. Since this was not the case, it argues against a simple 
correspondence between stand age and burn status.  
 
4.2. Interacting Effects of Severe Storms on Vegetation and Avian Distribution and Density   
 Half the vegetative parameters we measured were significantly affected by the severe 
storms that hit West Virginia in late summer and fall of 2012. The two storms appeared to 
damage large trees (canopy cover decreased), removed smaller trees (seedlings decreased), 
increased detritus (litter depth increased) and created gaps for understory plants (small and 
medium shrub cover increased). Finally, the interacting response of understory height to storms 
and to management suggests that in areas with fewer large trees, understory plants bear more 
direct storm impacts.  
 The effects to plants are largely expected. Likewise, since avian life histories are reliant 
on vegetation structure, we expected storms to influence patterns in avian abundance and 
possibly to interact with management to drive distributions. Certainly it was the case that two 
insectivore species and a species of conservation concern – Acadian flycatchers, eastern wood-
pewee and Louisiana waterthrush –responded to severe storms (showed a year effect). However, 
their responses were not identical; the pewee increased after the storms and the flycatcher and 
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the waterthrush declined.  It again appears that habitat preference overwhelmed any response 
based on foraging guild since both the Acadian flycatcher and the Louisiana waterthrush are 
associated with closed canopies, which decreased after the storms and the eastern wood-pewee is 
associated with open-canopy. Also the Lousiana waterthrush is tied to streams and tends to breed 
earlier than other avian species, which makes them easy to miss detecting with point count 
surveys (Mattsson et al., 2009). 
 Three of our focal species - blue-headed vireo, least flycatcher and the waterthrush - all 
showed a response to interacting effects of storms and management. Again, their responses were 
inconsistent, such that the vireo increased after storms in unmanaged stands but decreased in 
burned and managed stands, the waterthrush decreased after storms in both types of burned areas 
and did not change in unmanaged stands, and the least flycatcher decreased after storms in 
burned and managed areas but showed no other responses. Two of these species (the vireo and 
flycatcher) are aerial insectivores that rely on insects as prey and exposed perches for foraging 
and this reliance may provide insight into a possible mechanism for their response. Since severe 
storms increase debris, insect populations may respond positively to storms, thus providing food 
for these species (Scholwalter, 2012). Likewise, changes in the spatial patterns of canopy 
openings and perch availability may also influence abundance of aerial insectivores. Finally, 
waterthrush depend strongly on stretches of streams surrounded by closed canopy forest 
(Mattsson et al., 2009). Therefore, it is possible that the blowdown and increased debris caused 
by the combination of storms and management created canopy openings which could make those 
streams less suitable for this species.  
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4.3. Conclusions 
 The occurrence of high severity storms is likely to increase as our climate changes (Tang 
et al. 2013).  When severe storms occur, trees are blown down, succession dynamics altered and 
nutrient processes changed. Our analyses suggest that despite short-term vegetative changes 
brought on by severe storms, a relatively small proportion (36%) of the priority avian species 
associated with eastern hardwoods showed a response driven either by storms or  
management. In contrast, a greater proportion of aerial insectivores (4/6) responded to severe 
storm and management events. Thus, our results suggest that infrequent low-intensity prescribed 
burning is unlikely to enact dramatic changes in avian species abundance. However, when severe 
storm effects are combined with management effects, impacts to vegetation can be consequential 
and high priority and aerial insectivore bird species also are influenced.  
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Table 1 
Mean (±SE) vegetation characteristics measured at sampling sites in 2012 and 2013 in in burned (n=6 stands, 18 points in 2012, 22 
points in 2013), burned and managed (n=3, 6), and unburned stands (n=6, 22) in Monongahela National Forest, West Virginia, USA. 
Also shown are p-values for significance tests (ANOVA) for effects of severe storms (year effects), treatment type, and 
storm*treatment interactions; significant effects are shown with an * (α<0.05). Significant differences (α < 0.05) are indicated with an 
*; superscripts indicate outcomes of multiple contrasts (LS Means Contrasts) in cases where vegetative parameters showed a response 
to management type (p < 0.05). Year and year*treatment differences are shown graphically in Fig. 1.  
 
Variable Burned 
Burn + 
Managed Unburned Year Treatment 
Year * 
Treatment 
n seedlings 1.5 ± 0.3 1.8 ± 0.7 1.3 ± 0.2 <0.01* 0.82 0.13 
n saplings 3.3 ± 0.3A 3.2 ± 0.8B 2.0 ± 0.3C 0.46 <0.01* 0.82 
n trees 4.1 ± 0.4A 6.2 ± 0.7B 8.4 ± 0.3C 0.29 <0.01* 0.39 
understory height (m) 1.7 ± 0.2A 1.3 ± 0.3B 2.4 ± 0.2C 0.21 <0.01* <0.01* 
litter depth (cm) 2.3 ± 0.2A 3.5 ± 0.4B 2.5 ± 0.1A <0.01* <0.01* 0.90 
ground cover (%) 0.3 ± 0.0 0.3 ± 0.1 0.4 ± 0.0 0.63 0.27 0.34 
canopy cover (%) 0.6 ± 0.0A 0.7 ± 0.1B 0.8 ± 0.0B <0.01* <0.01* 0.20 
small shrub cover (%) 0.5 ± 0.0A 0.4 ± 0.1B 0.3 ± 0.0C <0.01* 0.02* 0.90 
medium shrub cover (%) 0.4 ± 0.0 0.3 ± 0.1 0.4 ± 0.0 0.02* 0.43 0.17 
tall shrub cover (%) 0.3 ± 0.0A 0.2 ± 0.1B 0.4 ± 0.0C 0.06 <0.01* 0.12 
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Table 2 
Mean (±SE) number of birds detected per point on point counts in 2012 and 2013 in burned (n=6 stands, 22 points in both years), 
burned and managed (n=3, 6), and unburned stands (n=6, 22) in Monongahela National Forest, West Virginia, USA. Bird species are 
categorized species of conservation concern (s) or aerial insectivores (i), or both; see text for details on categorization. Also shown are 
p-values for significance tests (ANOVA) for effects of severe storms (year effects), management type, and storm*management 
interactions. Significant differences (α < 0.05) are indicated with an *; superscripts indicate outcomes of multiple contrasts (GLM 
Contrast) in cases where avian species showed a response to management type (p < 0.05). Year and year*treatment differences are 
shown graphically in Fig. 3.  
 
Bird Species Burned 
Burn + 
Managed Unburned Year Treatment 
Year * 
Treatment 
Acadian Flycatcher (s, i) 0.30 ± 0.11A 0.67 ± 0.28B 0.73 ± 0.12B 0.02* 0.02* 0.76 
Black-billed cuckoo (s) 0.00 ± 0.00A 0.33 ± 0.26B 0.00 ± 0.00A 1.00 >0.01* 1.00 
Blue-headed vireo (i) 0.23 ± 0.06A 0.17 ± 0.11A 0.50 ± 0.08B 1.00 0.04* >0.01* 
Cerulean warbler (s) 0.00 ± 0.00 0.00 ± 0.00 0.14 ± 0.05 1.00 0.20 1.00 
Eastern bluebird (i) 0.07 ± 0.04 0.00 ± 0.00 0.00 ± 0.00 0.10 0.09 1.00 
Eastern wood-pewee (i) 0.98 ± 0.25 1.42 ± 0.11 0.84 ±0.14 >0.01* 0.22 0.54 
Great-crested flycatcher (i) 0.02 ± 0.15 0.08 ± 0.29 0.05 ± 0.21 0.1 0.16 0.11 
Hooded warbler (s) 0.36 ± 0.09 1.50 ± 0.29 0.75 ± 0.15 0.1 0.37 0.11 
Kentucky warbler (s) 0.05 ± 0.05 0.00 ± 0.00 0.05 ± 0.03 0.1 0.44 0.42 
Least flycatcher (i) 0.43 ± 0.15A 0.33 ± 0.33A 0.00 ± 0.00B 0.1 >0.01* 0.02* 
Louisiana waterthrush (s) 0.11 ± 0.05A 0.42 ± 0.15B 0.16 ± 0.06A >0.01* 0.04* 0.01* 
Wood thrush (s) 0.50 ± 0.15 1.17 ±0.13 1.09 ± 0.13 0.09 0.12 0.62 
Yellow-bellied sapsucker (s) 0.00 ± 0.00 0.08 ± 0.08 0.00 ± 0.00 1.00 1.00 1.00 
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Figure 1.  Greyscale topographic relief of the Monongahela National Forest (MNF) 
study area in eastern West Virginia. Avian and vegetative surveys were conducted at 50 
points in 15 forest stands managed with prescription burning (n = 6), burning and other 
management (n = 3), and no burning (n = 6). The town of Parsons WV is shown with a 
star and the inset shows the location of the MNF within West Virginia.  
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Figure 2. Vegetation parameters (mean ± SE) measured at 50 plots of 0.04ha within the 
Monongahela National Forest in 2012 and 2013 in stands managed with prescribed burning (n = 
6 stands, 22 points), burning and other management (n = 3, 6), and with no burning (n = 6, 22). 
Two severe storms impacted the landscape between sampling in 2012 and 2013. The six 
parameters shown are (A) count of seedlings per plot; (B) average litter depth; (C) percent 
canopy cover; (D) percent small shrub cover; (E) percent medium shrub cover; and (F) 
understory height. Note that y-axis scales are not identical among graphs. All six vegetation 
parameters presented here showed a response to either severe storms (a year effect) or a response 
to severe storms and management type (a year*treatment interaction). The first 5 vegetation 
parameters presented here showed a response to either severe storms (a year effect); understory 
height responded to severe storms and management type (a year*treatment interaction). See text 
for details on data collection techniques. 
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Figure 3. Abundance (mean ± SE) of focal bird species measured at 50 plots within the 
Monongahela National Forest in 2012 and 2013 in stands managed with prescribed burning (n = 
6 stands, 22 points), burning and other management (n = 3, 6), and with no burning (n = 6, 22). 
Two severe storms impacted the landscape between sampling in 2012 and 2013. The six species 
shown are (A) Acadian flycatcher; (B) black-billed cuckoo; (C) blue-headed vireo; (D) eastern 
wood pewee; (E) least flycatcher; and (F) Louisiana waterthrush. The Acadian flycatcher, pewee 
and waterthrush all showed a response to severe storms (a year effect in our data). All species 
except the pewee showed a response to management type. Finally, the vireo, the least flycatcher 
and the waterthrush responded to interacting effects of storms and management. Note that y-axis 
scales are not identical. The error bars present represent SE. 
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Appendix A. Stands sampled in the Monongahela National Forest of West Virginia for vegetation and birds in 2012 and 2013. Four 
stands were not sampled for vegetation in 2012 because they were inaccessible after post-storm blowdown. 
 
Stand Point Age Class Year Location Management Region Elevation Aspec
t 
Slope 
Position 
Forest Type Seedling 
2012 
Sapling 
2012 
Tree 
2012 
Seedling 
2013 
Sapling 
2013 
Tree  
2013 
1 3 YOUNG 2007 FERNOW 
Burned and 
Managed N 754 345 Cove Northern_hardwoods 7 3 10 1 1 6 
1 4 YOUNG 2007 FERNOW 
Burned and 
Managed N 643 127 Steep_slope Northern_hardwoods 7 5 3 3 3 3 
1 5 YOUNG 2007 FERNOW 
Burned and 
Managed N 713 149 Slope_crest Northern_hardwoods 1 6 10 0 10 6 
2 7 YOUNG 2007 FERNOW 
Burned and 
Managed N 756 322 Cove Mixed_mes_cove 0 2 8 0 2 4 
3 12 YOUNG 2000 FERNOW 
Burned and 
Managed N 759 212 Steep_slope Mixed_mes_cove 1 3 6 1 2 5 
3 13 YOUNG 2000 FERNOW 
Burned and 
Managed N 679 314 Steep_slope Mixed_mes_cove 1 0 6 0 1 7 
14 26 MID_AGE 1960 MON Unburned N 731 245 Steep_slope Mixed_mes_cove 2 0 10 2 0 10 
14 27 MID_AGE 1960 MON Unburned N 721 99 Steep_slope Mixed_mes_cove 1 0 7 1 0 7 
14 28 MID_AGE 1960 MON Unburned N 737 91 Steep_slope Mixed_mes_cove 1 2 8 1 2 9 
14 29 MID_AGE 1960 MON Unburned N 736 112 Steep_slope Mixed_mes_cove 3 1 9 0 1 8 
15 34 MATURE 1922 MON Unburned N 986 289 Steep_slope Mixed_mes_cove 1 2 8 0 4 9 
15 37 MATURE 1922 MON Unburned N 980 333 Steep_slope Mixed_mes_cove 3 2 7 1 4 7 
15 38 MATURE 1922 MON Unburned N 987 309 Steep_slope Mixed_mes_cove 2 2 10 1 0 12 
16 39 MATURE 1917 MON Unburned N 573 140 Steep_slope Mixed_mes_cove 3 1 8 1 7 6 
16 40 MATURE 1917 MON Unburned N 614 122 Steep_slope Mixed_mes_cove 1 5 8 0 4 8 
16 41 MATURE 1917 MON Unburned N 681 95 Slope_crest Mixed_mes_cove 0 3 7 0 3 5 
16 42 MATURE 1917 MON Unburned N 728 72 Steep_slope Mixed_mes_cove 2 2 10 0 2 8 
16 43 MATURE 1917 MON Unburned N 655 39 Slope_crest Mixed_mes_cove 0 1 9 3 1 6 
17 45 MATURE 1914 MON Unburned N 863 81 Slope_crest Mixed_mes_cove 1 2 8 2 2 6 
17 47 MATURE 1914 MON Unburned N 887 237 Steep_slope Mixed_mes_cove 4 3 9 3 1 12 
17 48 MATURE 1914 MON Unburned N 906 297 Steep_slope Mixed_mes_cove 3 1 9 0 1 13 
17 49 MATURE 1914 MON Unburned N 924 154 Steep_slope Mixed_mes_cove 2 2 10 1 0 9 
18 50 MATURE 1920 MON Unburned N 887 147 Cove Mixed_mes_cove 2 2 3 2 0 11 
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18 51 MATURE 1920 MON Unburned N 950 186 Steep_slope Mixed_mes_cove 1 1 5 1 2 6 
18 52 MATURE 1920 MON Unburned N 676 338 Steep_slope Mixed_mes_cove 0 4 9 0 2 10 
18 53 MATURE 1920 MON Unburned N 715 218 Steep_slope Mixed_mes_cove 1 1 9 1 3 7 
20 56 MATURE 1920 MON Unburned N 696 221 Steep_slope Mixed_mes_cove 0 3 8 2 7 6 
20 57 MATURE 1920 MON Unburned N 802 305 Cove Mixed_mes_cove 0 0 6 3 4 6 
4 70 YOUNG 2011 MON Burned S 1034 340 Steep_slope Oak . . . 0 1 0 
4 71 YOUNG 2011 MON Burned S 1069 328 Cove Oak . . . 0 1 0 
4 72 YOUNG 2011 MON Burned S 1000 210 Steep_slope Oak . . . 0 6 5 
5 73 YOUNG 2011 MON Burned S 829 34 Cove Pine_Oak 4 2 5 0 3 9 
5 74 YOUNG 2011 MON Burned S 829 107 Slope_crest Pine_Oak 3 3 2 0 0 11 
5 75 YOUNG 2011 MON Burned S 817 331 Steep_slope Pine_Oak 0 3 5 3 4 1 
5 76 YOUNG 2011 MON Burned S 833 94 Steep_slope Pine_Oak 9 4 3 1 4 1 
5 77 YOUNG 2011 MON Burned S 873 56 Steep_slope Pine_Oak 0 4 7 4 7 5 
6 78 YOUNG 2011 MON Burned S 879 223 Slope_crest Oak 3 5 6 2 5 5 
6 79 YOUNG 2011 MON Burned S 901 303 Slope_crest Oak 7 4 3 1 4 5 
7 80 YOUNG 2011 MON Burned S 917 141 Steep_slope Mixed_mes_cove 2 6 5 1 5 7 
7 81 YOUNG 2011 MON Burned S 833 279 Slope_crest Mixed_mes_cove 1 4 6 3 8 2 
7 82 YOUNG 2011 MON Burned S 909 220 Slope_crest Mixed_mes_cove 5 6 2 3 5 4 
8 84 YOUNG 2012 MON Burned S 866 338 Steep_slope Oak 1 2 5 0 2 6 
8 85 YOUNG 2012 MON Burned S 909 241 Steep_slope Oak . . . 0 3 6 
8 86 YOUNG 2012 MON Burned S 866 253 Steep_slope Oak 0 3 5 0 7 4 
8 87 YOUNG 2012 MON Burned S 818 250 Steep_slope Oak 0 3 6 1 5 8 
9 90 YOUNG 2010 MON Burned S 954 323 Cove Mixed_mes_cove_Oak 0 2 7 0 1 9 
9 91 YOUNG 2010 MON Burned S 935 266 Slope_crest Mixed_mes_cove_Oak 0 0 6 0 1 5 
9 92 YOUNG 2010 MON Burned S 928 236 Steep_slope Mixed_mes_cove_Oak 5 2 7 1 1 3 
9 93 YOUNG 2010 MON Burned S 917 247 Slope_crest Mixed_mes_cove_Oak 0 1 2 0 0 3 
9 94 YOUNG 2010 MON Burned S 933 241 Steep_slope Mixed_mes_cove_Oak 0 2 3 0 2 4 
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Appendix B. Total count of avian species detected over all three surveys at 50 points in the 
Monongahela National Forest in 2012 and 2013. Our study focused on 13 focal species (in bold), 
including AMJV high priority species (ᵃ) and aerial insectivores (ᵇ). 
 
Common Name Scientific Name Total # in 2012 Total # in 2013 
Acadian flycatcher ab Empidonax virescens 35 22 
American crow Corvus brachyrhynchos 27 28 
American goldfinch Spinus tristus 14 21 
American redstart Setophaga rutcilla 14 18 
American robin Turdus migratorius 17 26 
Baltimore oriole Icturus galbula 2 1 
Barred owl Strix varia 0 1 
Black-and-white warbler Mniotilta varia 20 53 
Black-billed cuckoo a Coccyzus erythropthalmus 4 0 
Bay-breasted warbler Setophaga castanea 0 15 
Black-capped chickadee Poecile atricpillus 18 16 
Blue-gray gnatcatcher Polioptila caerulea 0 1 
Brown-headed cowbird Molothrus ater 2 2 
Blue-headed vireo b Vireo solitarius 7 19 
Blackburnian warbler Setophaga fusca 2 6 
Blue jay Cyanocitta cristata 20 26 
Brown creeper Certhia americana 1 1 
Black-throated blue warbler Setophaga caerulescens 23 16 
Black-throated green warbler Setophaga virens 46 51 
Broad-winged hawk Buteo platypterus 1 4 
Carolina wren Thryothorus ludovicianus 2 1 
Cerulean warbler a Setaphaga cerulea 2 6 
Chipping sparrow Spizella passerina 0 5 
Common grackle Quiscalus quiscula 0 1 
Chestnut-sided warbler Setophaga pensylvanica 10 48 
Common yellowthroat Geothlypis trichas 2 22 
Dark-eyed junco Junco hymalis 17 71 
Downy woodpecker Picoides pubescens 10 1 
Eastern bluebird b Sialia sialis 4 0 
Eastern towhee Pipilo erythrophthalmus 55 71 
Eastern turkey Meleagris gallopavo 1 4 
Eastern wood-peewee b Contopus virens 47 69 
Great-crested flycatcher b Myiarchus crinitus 5 3 
Gray catbird Dumetella carolinensis 2 7 
Hairy woodpecker Picoides villosus 5 9 
Hooded warbler a Setophaga citrina 33 34 
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Indigo bunting Passerina cyanea 19 27 
Kentucky warbler a Geothlypis formosa 1 5 
Least flycatcher b Empidonax minimus 16 15 
Lousiana waterthrush a Parkesia motacilla 13 4 
Magnolia warbler Setophaga magnolia 1 4 
Mourning dove Zenaida macroura 15 12 
Mourning warbler Geothlypis philadelphia 3 3 
Northern cardinal Cardinalis cardinalis 2 3 
Northern parula Setophaga americana 0 1 
Ovenbird Seiurus aurocapilla 47 37 
Pileated woodpecker Dryocopus pileatus 17 11 
Raven Corvus corax 8 13 
Rose-breasted grosbeak Pheucticus ludovicianus 14 20 
Red-bellied woodpecker Melanerpes carolinus 12 5 
Red-eyed vireo Vireo olivaceus 132 114 
Red-headed woodpecker Melanerpes erythrocephalus 0 1 
Red-tailed hawk Buteo jamaicensis 4 2 
Ruby-throated hummingbird Archilochus colubris 0 2 
Ruffed-grouse Bonasa umbellus 0 5 
Red-winged blackbird Agelaius phoeniceus 0 6 
Scarlet tanager Piranga olivacea 61 61 
Tufted titmouse Baeolophus bicolor 19 23 
Turkey vulture Cathartes aura 2 1 
Veery Catharus fuscescens 18 33 
White-breasted nuthatch Sitta carolinensis 43 11 
Winter wren Troglodytes hiemalis 5 3 
Wood thrush a Hylocichla mustelina 53 35 
Yellow-bellied sapsucker a Sphyrapicus varius 0 3 
Yellow warbler  Setophaga petechia 1 7 
Yellow-rumped warbler Setophaga coronata 0 4 
Yellow-shafted flicker Colaptes auratus 6 2 
Yellow-throated vireo Vireo flavifrons 5 0 
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Chapter 2 
WHIP-POOR-WILLS ARE NEGATIVELY ASSOCIATED WITH HIGH 
ELEVATION AND HIGHLY FRAGMENTED LANDSCAPE IN RURAL 
WEST VIRGINIA 
Formatted in the style of Wilson Journal of Ornithology 
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ABSTRACT 
 Populations of the eastern whip-poor-will (Antrostomus vociferus) are declining due to a 
range of potential factors including habitat loss, pesticide use and predation. However, because 
this species is nocturnal, it is poorly studied and neither its ecology nor its demographic status 
are well measured by traditional bird surveys like the Christmas Bird Count, Breeding Bird 
Surveys, and point-count surveys. Therefore, we studied habitat associations and distribution of 
eastern whip-poor-wills to better understand and contextualize their population status and to 
provide a framework for research and management. Transect data were analyzed with occupancy 
models to associate presence of whip-poor-wills with habitat characteristics. We observed habitat 
associations of and annual differences in both presence and number of whip-poor-wills. Whip-
poor-wills most frequently occupied areas lower in elevation and mixed forest, herbaceous, as 
well as wetland cover types. In contrast, high elevation evergreen forest communities had 
substantially fewer whip-poor-wills. Our results suggest that succession of agricultural fields and 
other clearings to forested habitats with dense understory may be contributing factor to whip-
poor-will declines.  
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 Populations of avian aerial insectivores are declining (Sauer et al. 2011) more rapidly 
than those of many other birds of great conservation concern (Nebel et al. 2010). Putative causes 
for these declines are linked to predation, pesticide use for Lepidopterans, climate change, and 
loss of habitat (Cink 2002, Nebel et al. 2010, Dunn et al. 2011, Hunt 2013). The declines of 
aerial insectivores are of concern because variation in their number may indicate underlying 
ecosystem changes (Nebel et al. 2010).  
The aerial insectivore guild includes the family Caprimulgidae. Members of this family 
are characterized by cryptic coloration, wide mouths, large eyes and the ability to take insects on 
the wing (Cink 2002). North American species in this family include the common nighthawk 
(Chordeiles minor), lesser nighthawk (Chordeiles acutipennis), chuck-will’s-widow 
(Caprimulgus carolinensis), common poorwill (Phalaenoptilus nuttallii), Mexican whip-poor-
will (Antrostomus arizonae) and eastern whip-poor-will (Antrostomus vociferus). All of these 
species are nocturnal, making them difficult to survey, and thus BBS data for Caprimulgids often 
either show either no trend or large errors around trend estimates. Nevertheless, there is 
documentation from limited BBS data that populations of the first three species are experiencing 
significant declines (Sauer et al. 2011). However, the remaining two species, the common 
poorwill and eastern whip-poor-will show no survey-wide trend or the data provide imprecise 
population estimates (Sauer et al. 2011). As such, there is an important need to understand how 
these populations are faring and to identify steps that may be relevant to their conservation and 
management using more appropriate survey techniques.   
 To address this need, we focused research on the nesting and foraging habitat 
associations and distribution of eastern whip-poor-will in the central Appalachians. Historic 
accounts mention eastern whip-poor-will nesting habitat as dry, well-drained ground at the edge 
 41 
 
of mixed oak (Quercus spp.), beech (Fagus spp.), and pine forest (Pinus spp.) with little to no 
underbrush and uncrowded trees (Bent 1989). In some accounts, the openness of forest 
understory is more important in determining appropriate nesting habitat than the composition of 
the forest (Wilson 1985). More recent literature also lists eastern whip-poor-wills as preferring 
areas with dry soils in pine, beech or oak forests for nesting (Cink 2002). The historic accounts 
of foraging habitat indicate the species feeds on the wing in open fields and forest clearings 
(Bent 1989). Current accounts of eastern whip-poor-will foraging habitat preferences also 
suggest that they use open areas like power line right-of-ways, regenerating clear-cuts, recent 
burns, and wetlands (Wilson 2003, Hunt 2006). In New Hampshire, the species is reported to be 
positively correlated with presence of pine forests and large areas of clearcut forest and 
negatively associated with high elevation dense forest cover, and high amounts of human 
development (Hunt 2006). In West Virginia, historic accounts list eastern whip-poor-wills as 
being present in oak-hickory (Carya spp.), white pine (Pinus alba), or hardwood-hemlock 
(Tsuga canadensis) forest and sparingly in northern hardwoods (Hall 1983). 
 There are no data available on the minimum size of forest plots needed to sustain a 
breeding pair of eastern whip-poor-wills (Cink 2002). Previous telemetry-based studies in New 
Hampshire found the average home range size of eastern whip-poor-wills to be about 5ha in 
shrubland habitat but up to 13ha in heavily forested areas (Hunt 2013). In north central 
Maryland, small isolated woodlots amongst an agricultural matrix provided poor whip-poor-will 
habitat and were generally not occupied by whip-poor-wills (Reese 1996). Therefore, the size of 
forest stands and proximity of those forest stands to larger forest stands may be important in 
determining whether an area is suitable habitat for whip-poor-wills (Cink 2002). 
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 We studied occupancy and distribution of eastern whip-poor-wills to better understand 
their habitat associations and to gain insight into how their populations may be responding to 
modern land use practices. In particular, we sought to answer the following questions A) what 
nesting and foraging land cover types are associated with eastern whip-poor-will presence?; and, 
B) what is the expected distribution of the species within the Monongahela National Forest 
(MNF) in the central Appalachian Mountains?  Finally we discuss these patterns in the context of 
potential habitat alteration and climate change within this region. 
 
METHODS 
Study Area 
 We collected data on eastern whip-poor-wills within the MNF and surrounding lands of 
West Virginia, USA (Fig. 1). The MNF stretches over 305,538 ha within the Central Allegheny 
Mountain province of the Appalachian Plateau in West Virginia (Ferguson and Marquis 1964). 
Elevation within the MNF ranges 305–1,482 meters above sea level (United States Department 
of Agriculture 2013). The western side of the MNF receives about 152 centimeters of rain per 
year while the eastern side receives about 76 centimeters per year (United States Department of 
Agriculture 2013). Portions of our survey locations bordered land not managed by the United 
States Forest Service. These properties often included houses, pasture, and forest. 
 
Focal species 
The eastern whip-poor-will is a ground-nesting bird distributed across most of eastern 
North America. The species is predated by a range of reptilian, avian and mammalian predators 
(Santner 1992, Cink 2002) and is also thought to be impacted by a variety of anthropogenic 
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forces. Male eastern whip-poor-wills establish territories that include nesting and foraging 
habitat once they have reached the breeding grounds (Cink 2002). Once the territory is 
established the males will sing from nesting and foraging portions of the territory.  Intensity of 
singing is the greatest during breeding season but will occur throughout the year (Mills 1986, 
Cink 2002). Singing intensity is also greatest at dusk and dawn and on moonlit nights (Stoner 
1920, Mills 1986). Both male and female whip-poor-wills have a brood patch and take part in 
incubation of eggs as well as brooding of young (Raynor 1941, Babcock 1975, Cink 2002).  
Parents will frequently exchange places to forage, beginning at dusk (Cink 2002).  
 
Sampling Strategy 
 We surveyed for whip-poor-wills along roads throughout the MNF and surrounding 
areas. Using ArcMap 10.1, roads were selected that ran through or were close to habitat thought 
to be preferred by the species, including burned forest stands, conifers, and agricultural lands 
(Cink 2002). Roads also had to be at least 16 km in length so that we would be able to place 10 
point locations along the road that would be 1.6 km apart. From over 70 roads that ran through 
appropriate habitat, we randomly chose 10 that were close enough to each other and to our field 
camp to allow for ease of access. Five of the roads were located in the northern portion of the 
forest and the other 5 were in the southern portion of the forest (Fig. 1). 
  We conducted surveys using protocols from The Center for Conservation Biology’s 
(CCB) United States Nightjar Survey (Center for Conservation Biology 2012). CCB protocols 
suggest that the best time periods for surveys during our summer field seasons were May 28–
June 11 and June 27–July 11. These periods corresponded with the brightest moonlight in the 
season; detection rates of whip-poor-wills are thought to be highest in bright moonlight (Wilson 
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and Watts 2006). Roads were surveyed twice each during 2012 and 2013. Surveys began half an 
hour after sunset and ended 15 minutes before sunrise. We varied survey start times among 
transects to account for site-specific differences in vocalizing. Surveys were not conducted if it 
was rainy, if winds exceeded 24 kph, or if dense cloud cover obscured the sky.   
On each transect, we stopped ten times, once every 1.6 km, to survey for whip-poor-wills 
(two roads were only long enough for 8–9 points; total number of points surveyed was n=95). 
There were two observers present throughout the surveys and they would share information on 
birds heard. Each point location was surveyed for six minutes and we recorded individual birds 
that were heard. At each point, data were also collected on cloud cover (%), wind (0–3), noise 
levels (0–2), and moon visibility (0–1). Two or three road surveys were generally completed 
each night. 
 
Data associations 
There have been suggestions that observations of individual whip-poor-wills are 
independent at 1600m apart (Hunt 2003) and the CCB survey protocol used to collect data 
assumes that transect stops are independent at 1600m apart. 
We created a buffer of 1600m around each transect stop location, and then used zonal 
statistics to tabulate areas (m2) of the following land cover types: developed, deciduous forest, 
evergreen forest, mixed forest, herbaceous/ hay/pasture/shrub, cultivated crops, and wetland 
(USGS 2006 NLCD Land Cover Classifications; Appendix A; Fry et al. 2011). Within the 
buffer, we also calculated the total length of forest edge. Although newer data exist today, the 
NLCD 2006 land cover data were the most current available when survey locations were 
selected. In addition, we calculated elevation at each point using a 2003 USGS digital elevation 
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model (West Virginia GIS Technical Center 2013). All spatial data collection and interpretation 
was conducted within ArcMap10.1 (ESRI 2013). Spatial and habitat data associated with each 
point are provided in the appendix (Appendix B).  Elevation across the buffer was calculated as 
an average in ArcMap 10.1. 
 
Statistical Analysis – Occupancy Modeling 
 To determine patterns of occupancy by whip-poor-wills, we used single-species multiple 
season occupancy modeling in program PRESENCE (MacKenzie et al. 2012). The assumptions 
of this model include independence of survey stops within years, no colonization or extinction 
within years, the potential for heterogeneity between survey stops across years, and no false 
detections of eastern whip-poor-wills (MacKenzie et al. 2006).  Model parameters included the 
occupancy rate by year (i.e. probability of eastern whip-poor-will being present; Ψ), the rate of 
occupancy change, designated as ʎ and estimated as /, the between-year extinction 
probability at survey stops ( = 
    + 1|  )), colonization 
probability at survey stops ( = 
    + 1|  )), and detection 
probability (i.e. the probability of hearing an eastern whip-poor-will, p) (MacKenzie et al. 2006). 
 PRESENCE uses maximum likelihood techniques to estimate both the parameters noted 
above and resight probabilities. We converted survey data into detection histories using the 
presence (1) and absence (0) data collected during surveys (MacKenzie et al. 2012). If even one 
eastern whip-poor-will was detected at an individual transect location a “1” for presence was 
listed for the minutes a whip-poor-will was detected. Information for both surveys in a year was 
combined to ensure that information was being averaged over a season and that we were 
accurately able to determine whether a whip-poor-will was ever present at a location during our 
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sampling period. We used logistic regression with a logit link to model the probability that a 
survey stop would be occupied by eastern whip-poor-wills as a function of the elevation, edge 
and the land cover covariates.  Year, moon visibility and noise level (0–2) were similarly used as 
covariates to calculate only detection probabilities. Using logistic regression allows covariate 
values to be scaled to a probability between 0 and 1.  The untransformed beta values given in the 
PRESENCE output are calculated using logistic regression and were used to calculate an odds 
ratio (i.e. the odds of a whip-poor-will being present in comparison to being absent) and then 
transformed to model percent of occupancy at the survey stops. The equation for calculating the 
odds ratios is   !"#$%#& = 
#  where a1= an untransformed beta estimate. The equation for 
calculating percent occupancy, given our edge, elevation, or land cover type covariates, is 
' !"#$%#& = 
# /1+#

 where Ψ= percent occupancy, a1= an untransformed beta estimate 
(MacKenzie et al. 2006). The “hats” in these last two equations designate estimated values. To 
rank models in the model set, we used quasi-Akaike’s information criterion values (QAIC), 
which represents model fit with the minimum number of parameters and is estimated in 
PRESENCE. AICC weights are used in model averaging and provide a measure of the strength of 
evidence for each model. AICC weights are also given in the PRESENCE output (Burnham and 
Anderson 2002). Log likelihoods in the PRESENCE output showed the absolute fit of the 
models to the data (MacKenzie et al. 2012).   
 
Statistical Analysis – Modeling Whip-poor-will Occupancy  
To model the influence of sampling and site covariates on occupancy and detection, we 
developed a priori models based on previous literature and evaluated the models using an AIC 
approach (Burnham and Anderson 2002).  We used 6 sub-models to determine effects of site 
 47 
 
covariates (elevation, forest edge, area open water, area cultivated crops, area 
herbaceous/shrub/pasture land, area deciduous forest, area evergreen forest, area mixed forest, 
area developed, and area wetland) on occupancy and sampling covariates (moon visibility, noise, 
and year) on detection (Table 1, 2). In each model, colonization and emigration were held 
constant and equal but are still counted as two of the model parameters. The rest of the 
parameters come from the site and sampling covariates used to estimate occupancy and detection 
probabilities. Site and sampling covariates were converted to Z-scores to reduce the influence of 
variables that had larger ranges (Donovan and Hines 2007).  Program PRESENCE (MacKenzie 
et al. 2006) was used to estimate occupancy (Ψ), detection (p),colonization (γ), and extinction 
(ε), as well as to compute the β values for site and sampling covariates included in the models 
(MacKenzie et al. 2006)(Table 2). 
We used model averaging to account for model selection uncertainty among each of the 
models with any support in the model set. After model averaging, we calculated odds ratios and 
percent occupancy using untransformed beta values provided by PRESENCE.  
 To predict the distribution of the eastern whip-poor-will within the MNF, we used the 
raster calculator tool (ESRI 2013) to apply the averaged model built above to USGS NLCD 2006 
raster data for the entire MNF. The output layer included a map of areas with probabilities of 
whip-poor-will occupancy based on land cover type.  
 
RESULTS 
 We recorded 181 vocalizing eastern whip-poor-wills in 2012 (1.9/point) and 101 in 2013 
(1.0/point). Deciduous forest was the most common land cover type surrounding the survey 
roads comprising 78% of all the land cover within 1600m circles, while wetlands was the least 
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common land cover type comprising less than 1% of the total cover at that same scale. The road 
and points considered to have the most development surrounding it was the Fernow Road (USFS 
road 301) with a total developed area of 3,116 km² (Appendix B). 
 Because of the short time window for sampling, weather sometimes constrained our 
ability to complete all planned surveys.  In 2012, five transects were impacted by weather. One 
was only sampled once and four were sampled once fully and once partially. In 2013 two 
transects were only sampled once and 5 transects were partially completed. Missing data were 
accounted for in program PRESENCE (MacKenzie et al. 2006).  
 
Elevation, Forest Edge and Landscape Associations 
 We compared models based on 1600m buffers to understand eastern whip-poor-will land 
cover selection. The first two models, which together had 78% of the support in the data, suggest 
that elevation is more influential in determining whip-poor-will occupancy than land cover 
covariates (Table 1). Edge was also listed in the models but the SE value is higher than the 
parameter estimate making this covariate not biologically meaningful. The models of eastern 
whip-poor-will occupancy that included land cover classes only accounted for 22% of the 
support in the data (Table 1). The most highly supported model had 1.5 times more support than 
the next best model and 3 times more support than the 3rd ranked model (the first which included 
land cover class; Table 2). Because there was some support for the model that included land 
cover covariates in addition to elevation, we were able to model average to determine occupancy 
based on land cover covariates. Model averaged results suggested (a) negative associations of 
whip-poor-will occupancy with elevation and (b) increasing areas of mixed forest and 
herbaceous/shrub/pasture cover were positively associated with whip-poor-will occupancy, while 
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increasing areas of open water, evergreen forest, development, cultivated crop land, and wetlands 
were negatively associated with whip-poor-will occupancy (Table 3). Eastern whip-poor-wills 
were twice as likely to be found in mixed forest or herbaceous/shrub/pasture areas than they 
were in other land cover types (Table 3). Although deciduous forest was associated with the 
highest probability of whip-poor-will occupancy, area of deciduous forest did not fit our models 
well (the SE of this parameter is higher than the parameter estimate).  
 
Distribution of Whip-poor-will within the Monongahela National Forest  
 We then applied the previous analyses to model occupancy rates throughout the MNF 
using elevation, and land cover occupancy estimates as well as elevation and land cover raster 
data. The model predicts multiple locations throughout the MNF that would be suitable for 
eastern whip-poor-will occupancy (Figure 2). Our models suggest that areas of lower elevation, 
mixed forest and shrub and grassland were more highly weighted than other areas. It appears that 
there are many locations, of low enough elevation, spread across the MNF where eastern whip-
poor-wills may be found during the breeding season.   
 
DISCUSSION 
Scale of Land Cover Use 
 A significant proportion of the MNF is covered by closed canopy deciduous forest and 
the lowest elevation is around 305m (United States Department of Agriculture 2013). Because 
the birds we found were at lower elevations, it may be that high elevation mountainous areas in 
the MNF are not suitable breeding and foraging habitat for this species. This finding is supported 
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by literature that found whip-poor-wills were absent above 305m in the Adirondack and Catskill 
mountains (Sibley 1988). 
 Previous telemetry-based studies in New Hampshire found whip-poor-wills were much 
more likely to be detected at elevations below 180m (Hunt 2006). In our study area however, the 
lowest elevation of our survey points was 305m. During our study eastern whip-poor-wills were 
never detected in areas along the Dolly Sods road which were higher than 900m. These patterns 
suggest that this species has specific habitat preferences related to elevation and that occupancy 
across landscapes may therefore show dramatic variation in mountainous habitat such as the 
MNF.    
 
Land Cover Types 
 Previous literature suggests that eastern whip-poor-wills require a mosaic of young forest 
and open areas for nesting and foraging (Wilson and Watts 2008, Hunt 2013). We found that 
deciduous forest, mixed forest and shrub and grassland were the land cover types most likely to 
be occupied by eastern whip-poor-wills. These relationships could be driven by prey and 
foraging availability, thermal constraints, or even mating and breeding opportunities.  Likewise, 
whip-poor-wills were negatively associated with open water, development, evergreen forest, 
cultivated crops, and wetlands. The negative association with evergreen forest is inconsistent 
with the findings of previous studies. However, the little conifer forest that occurs on the MNF is 
found only at high elevations and elevation plus differences in tree species and climate may thus 
drive this relationship.  
Previous literature suggests that eastern whip-poor-wills prefer clear-cut forest areas 
(Hunt 2013). The land cover dataset we used did not allow us to differentiate between managed 
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and unmanaged forest types and we did not feel that we would be able to accurately measure size 
and boundaries of managed vs. unmanaged areas from the road. Nevertheless, this analysis 
points to clear patterns in use and avoidance of specific habitat types that are useful in predicting 
distributions and in developing potential conservation measures for this and related species. 
Future studies could incorporate known managed forest plot areas to determine to what extent 
they influence whip-poor-will occupancy.  
 
Predicting Occupancy in the MNF 
 One of the goals of this study was to use a survey protocol designed specifically for 
nightjars to create a map of eastern whip-poor-will occupancy in the MNF.  To our knowledge 
this approach has never before been attempted with CCB United States Nightjar Survey 
protocols for nighttime surveys.  Our approach – evaluating survey data with occupancy models 
– produced a map that can now be field validated and that provides detailed predictions on where 
eastern whip-poor-wills may be found in the MNF. 
 The creation of our occupancy map is also useful because it allows us to identify areas in 
the MNF that are potentially well suited to new nightjar survey routes. Increasing the number of 
survey routes will allow MNF scientists and forest managers to have a more reliable estimate of 
eastern whip-poor-will population numbers in West Virginia.  Our models suggest that multiple 
portions of the MNF might be well suited to detect this species.  
We believe our model of whip-poor-will occupancy is a useful guide for similar work in 
other National Forests.  While other National Forests have different land cover compositions 
than the MNF, we have provided evidence that an occupancy modeling approach is useful for 
understanding potential distribution of this species across a landscape. Knowing the land cover 
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types that were positively correlated with whip-poor-will occupancy in this study could give 
managers in other forests a place to start when establishing eastern whip-poor-will survey routes 
and eventual locally specific predictive mapping exercises. 
 
Whip-poor-will distribution over time 
Whip-poor-wills were present in every West Virginia County during the 1920’s, a period 
that followed heavy settlement and logging (Hall 1983). However, whip-poor-will numbers are 
thought to have steadily decreased since the 1950s, as widespread succession occurrs, replacing 
agricultural fields and intensely logged areas with dense forest (Hall 1983, Buckelew and Hall 
1994). They have also disappeared from many parts of the country including much of southeast 
Pennsylvania (Santner 1992). Much of the change is a result of loss of habitat to urbanization, 
agricultural crops and grazing (Cink 2002).  Management of forests through clear-cutting, over-
story removal, and prescribed burning have been suggested to provide additional whip-poor-will 
habitat (Hunt 2013.)  
Future habitat changes may also have impacts on eastern whip-poor-will populations. As 
the climate changes, the severity of storms the MNF experiences is likely to increase (Simmonds 
and Keay 2009, Tang et al. 2013). These severe storms cause widespread damage to forests, 
including felling of over-story trees, all of which may create forest more suitable for whip-poor-
wills. Alternatively, as the climate is warming, the first flight periods of insects is occurring 
earlier in the year, a process which could lead to mismatches of whip-poor-will reproduction 
with peak food abundance (Dingemanse et al. 2008, Møller et al 2008, Polgar et al. 2013). 
Because spring migration is usually photoperiod-dependent and insect outbreaks are 
temperature-dependent (Both and Visser 2001), and because reproductive success of aerial 
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insectivores is highly dependent on food abundance (Dunn et al. 2011), this aspect of climate 
change may negatively impact whip-poor-wills. Pesticide use targeted at gypsy moths and 
occurring from ~1950- present could further compound the food abundance problem (Cink 2002, 
Hunt 2014). Thus, the monitoring tool our study provides should be a useful mechanism to track 
the occupancy of this species and its potential response to future habitat changes.   
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Table 1. Ranking of candidate models at 1600m. Colonization and emigration were held 
constant and equal in all models an account for 2 of the parameters. The first model with only 
elevation and edge amount as covariates estimating occupancy has 1.5 times more support than 
the second model with no covariates. The first model has 3 times more support than the third best 
model in which elevation, amount of edge, and land cover covariates are used to estimate 
probability of occupancy. Covariates used in these models are listed in Table 2. When “constant” 
is listed there was no covariate used to help in estimation of that value. 
Model  QAIC 
ΔAI
C 
AIC 
Weigh
t 
#Parameter
s 
Occupancy(elevation+ edge), 
    detection(year+moon+noise) 
458.63 0.00 0.47 10 
Occupancy(constant), detection(year+moon+noise) 459.59 0.85 0.31 8 
Occupancy(elevation+edge+ land cover classes), 
    detection(year+moon+noise) 
467.11 2.27 0.15 15 
Occupancy(land cover classes), 
    detection(year+moon+noise) 
467.51 3.84 0.07 17 
Occupancy(constant), detection(constant) 478.24 20.39 0.00 4 
Occupancy(constant), detection(year) 479.50 21.63 0.00 5 
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Table 2. Description of the site and sampling covariates used in Table 1 models. The site 
covariates were used to estimate of probability of occupancy while the sampling covariates were 
used to estimate probability of detection at locations in Monongahela National Forest (MNF) 
study area in eastern West Virginia. Program PRESENCE calculated β values for each covariate 
which was then used to help determine percent occupancy and detection given that covariate. 
Site Covariates  Description 
Land cover classes Herbaceous/Shrub/Pasture km2 
 Deciduous forest km2 
 Evergreen forest km2 
 Mixed forest km2 
 Developed km2 
 Wetland km2 
 Open Water km2 
 Cultivated Crops km2 
   
Other Elevation Average (m) 
 Edge km 
   
Sampling 
Covariates 
  
 Moon visibility Visible (1) or not visible (0) 
 Noise0 No noise (1) 
 Noise1 Noise slightly effects ability to hear whip-
poor-wills (e.g. 1-2 cars passing during 
counting period, distant traffic; 2) 
 
 Noise2 Noise moderately effects ability to hear 
whip-poor-wills (e.g. 3-6 cars passing 
during counting period, nearby traffic; 3) 
 
Year 2012 First survey year 
 2013 Second survey year 
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Table 3. Model averaged estimates for occupancy, colonization, emigration, and detection 
probabilities. Covariate (β) estimates and their SEs are untransformed. Percent occupancy, 
percent colonization, percent emigration, percent detection, the corresponding SEs, as well as the 
odds ratios are calculated using the beta estimates and associated SEs.  Odds ratios indicate how 
likely an eastern whip-poor-will will be present at, colonize, emigrate, or be detected at an area. 
For example eastern whip-poor-wills are 8 times as likely to be found when the moon is visible 
than when it not.  
Parameter Beta Estimate SE %  SE 
Odds 
Ratio 
Occupancy (Deciduous 
Forest) 
1.30 1.47 0.79 0.25 3.67 
Occupancy (MixedForest) 0.68 0.18 0.66 0.04 1.97 
Occupancy 
(Herbaceous/Shrub/Pasture) 
0.57 0.11 0.64 0.03 1.77 
Occupancy (Edge) -0.10 0.24 0.48 0.06 0.90 
Occupancy (Wetlands) -0.18 0.04 0.46 0.01 0.84 
Occupancy (CultivatedCrops) -0.40 0.05 0.40 0.01 0.67 
Occupancy (EvergreenForest) -0.67 0.27 0.34 0.06 0.51 
Occupancy (Developed) -0.70 0.29 0.33 0.06 0.50 
Occupancy (Elevation) -1.11 0.42 0.25 0.08 0.33 
Occupancy (Open Water) -1.64 0.27 0.16 0.04 0.19 
Colonization -4.78 2.64 0.01 0.02 0.01 
Emigration -1.32 0.84 0.21 0.14 0.27 
Detection (Moon Visibility) 2.08 1.01 0.89 0.10 8.00 
Detection (2013) -0.21 0.26 0.45 0.06 0.81 
Detection(Noise 0) -0.23 0.09 0.44 0.02 0.79 
Detection (2012) -0.67 0.47 0.34 0.11 0.51 
Detection (Noise 1) -1.50 0.88 0.18 0.13 0.22 
Detection (Noise 2 ) -2.90 1.61 0.05 0.08 0.06 
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FIG. 1. Greyscale topographic relief of the Monongahela National Forest (MNF) study area in 
eastern West Virginia. Nocturnal surveys of eastern whip-poor-wills (EWPW) were conducted at 
95 points along 10 roads. The towns of Neola and Parsons WV are shown with a star and the 
inset shows the location of the MNF within West Virginia. 
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FIG. 2. Probability of eastern whip-poor-will occupying an area of the MNF given land cover 
type present and raster data from NLCD 2006 land cover data in West Virginia. Areas where 
whip-poor-wills are likely to be found based on land cover are darkly colored while areas where 
they are not likely are light in color. The inset map portrays the location of the MNF within West 
Virginia as well as eastern whip-poor-will occupancy based on elevation and edge raster data 
alone. As in the larger map, areas that are more darkly colored indicate areas with estimated 
higher probabilities of occupancy.
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Appendix A.  This appendix includes our classifications of land cover based on 2006 USGS land cover classifications. The 
descriptions of the USGS classifications can be found at the Multi- Resolution Land Characteristics Consortium webpage. The open 
water and shrub/scrub were eliminated since there was very little area under those classifications in our study. 
 
 
 
NLCD Land Cover 
Classifications 
Corresponding Land Cover 
Classes 
Nesting or Foraging 
Habitat 
Open Water Open water NA 
Developed, Open Space Developed Foraging 
Developed, Low intensity Developed Foraging 
Developed, Medium Intensity Developed Foraging 
Developed, High intensity Developed Foraging 
Deciduous Forest Deciduous Forest Nesting 
Evergreen Forest Evergreen Forest Nesting 
Mixed forest Mixed forest Nesting 
Shrub/Scrub Herbaceous/Shrub/Pasture Not used 
Grassland/Herbaceous Herbaceous/Shrub/Pasture Foraging 
Sedge/Herbaceous Herbaceous/Shrub/Pasture Foraging 
Pasture/Hay Herbaceous/Shrub/Pasture Foraging 
Cultivated Crops Cultivated Crops Foraging 
Woody Wetlands Wetland Foraging 
Emergent Herbaceous Wetlands Wetland Foraging 
